. BMP-2 potency is increased when bound to matrix. (A) The biomaterial for the study of BMP-2 effects on cell behavior combines two functional properties of the tunable multilayer film system. (1) A polyelectrolyte multilayer film is built onto a substrate by alternating deposits of two polyelectrolytes: poly(l-lysine) and hyaluronan (PLL/HA). (2) The film can be covalently CL to different levels using a water-soluble carbodiimide, thus allowing film stiffness to be modulated. (3) BMP-2 is loaded into the film. BMP-2 is trapped in the film and delivered to the cells in a "matrix-bound" manner. (B) Luciferase activity of p(BRE) luciferase-transfected C2C12 cells was measured after 15 h of plating on tissue culture TCPS, soft PLL/HA film (Low CL), or PLL/HA stiff film (High CL) in the presence of soluble (sBMP-2) or matrix-bound BMP-2 (bBMP-2). (C) Western blot analysis of Smad activation using an anti-phospho-Smad1,5,8 antibody. The analysis of the intensity (ratio of phospho-Smad1,5,8/Actin) shows that phosphorylation of Smad occurs only when BMP-2 is present. (D) ALP expression after 4 d on soft and stiff films without or with BMP-2 shows that the signal is similar to that of soluble BMP-2 or higher in the case of the soft film. Experiments in B-D were performed three times. NS, not significant; *, P ≤ 0.05; **, P ≤ 0.005. Figure S2 . αv integrins are required to mediate BMP-2-induced spreading. (A) Low-CL film without BMP-2 provides inadequate adhesion for C2C12 cells. C2C12 cell spreading on low-CL films with bBMP-2 can be maintained for at least 24 h. At longer times, these cells tend to form cellular clusters and cohesive aggregates, which may be related to their osteogenic differentiation. (B) C2C12 cells were treated with blocking antibodies against α5 and αv chain integrins and plated for 4 h on low-CL film with bBMP-2. After 4 h, the number of adherent cells and cell spreading were quantified after labeling the actin cytoskeleton. The number of adherent cells and cell spreading area significantly decreased after treatment with antibodies against αv integrin on soft matrix-bound BMP-2. (C) C2C12 cell adhesion on low-CL film with bBMP-2 and on glass in the presence of cRAD and cRGD peptides in comparison to the control condition. Note the loss of C2C12 spreading upon treatment with cRGD. (D) D1 MSC adhesion onto low-CL film in the absence or presence of bBMP-2. D1 MSC cell spreading is blocked in the presence of cRGD. Data are means ± SEM from at least 60 cells per condition. Experiments were performed three times. **, P ≤ 0.005 compared with control conditions. Bars, 100 µm. 
Contact angle (°)
Soft films 43 ± 4 48 ± 4
Stiff films 48 ± 4 55 ± 7
Mean roughness (nm)
Soft films 4.2 ± 0.8 4.8 ± 0.2 Stiff films 6.8 ± 1.0 7.9 ± 0.4
Physical and chemical characteristics of soft or stiff (PLL/HA) 12 films without BMP-2 or in the presence of BMP-2 loaded in the films from a solution of 20 µg/ml. Film stiffness, contact angle, and film roughness were statistically similar without or with bBMP-2 (P > 0.05). AGA ACA AAC ACU AAC GUAA GGU CAU UUC AGA UGC GAUU GGA GAG AGA UGC ACC GAUU GGU UCA GAC UCG AGG CGGA Table S4 . List of primer sequences for BMP receptors, FN, and collagen as well as for ATP50 
